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tra] & & DDR T EI{E B

WK AT 145 1) DDR bin & % 58 8 7T F (1 loader

I f&ek U-Boot H1 A DDR Afi 2

4147} enable/disable kernel H' ) DDR A 4T T fi

41k kernel — % DDR AR SHERANIE AT

W% DDR )2 &

W& 2 DDR 4%

W& L DDR AN 28 %] M. 1] #

fa] ¢ P71 DDR [ 88 4 tge, R 8 3 5c 8 i
DDR AT 5 4t

. {2 % DDR 55 R %

ATk DDR Al 41

WAl 5E DDR BEIZ AT I e e Al %6

B4 FK DDR &3k N B HT (selfrefresh 24 AL L)
B4 ¥ DDR CL 28 3E N auto power-down 4 FELEE 5
W% DQ. DQS. CA. CLK [f] de-skew

16.1 A% kernel T de-skew

16.2 1% loader H ] de-skew

RV1109/RV1126/RK356x DDRAT H ik %

RK3568 ECCII{# g



1. fTE 1 DDR ITEIE B

DDR 3T E{Z B A$E loader FHFTENFN kernel 1 IFTEN, loader 4T ERRIMENT U0 F

DDR Version 1.05 20170712// DDR HIAMWARISIIRAME S, HTERA . WXITIFM, CEitN
DDRATEG A ARHD

In

SRX // HSRX, WHREMNEE; BASRX, WHEATFL. A RS BINXAThEE, —HAZEH SRXH
Channel a: DDR3 400MHz // FHEH#S/EDDRA & AFIVELNEE, HARMENT AT LLE " U &5 5 DDRAY A & " &

e

BE
Bus Width=32 Col=10 Bank=8 Row=15 CS=1 Die Bus-Width=16 Size=1024MB

Channel b: DDR3 400MHz

Bus Width=32 Col=10 Bank=8 Row=15 CS=1 Die Bus-Width=16 Size=1024MB

Memory OK // DDRHMMILE, % — Memroy OKjEChannel aff)H M4,

Memory OK // s&Channel bW EMZER . AiA, VIR EA R, Wikes, U000 a0 B e, %
DDRAE T eta € LIk, T8 HE /M BMIZEITE R,

OUT // XKATATENZ )5, Wit 7 DDRYIZAAL AT

1T /& kernel 3.0 11 kernel 3.10 H1FTE1f¥] DDR {2 &,

0.528564] DDR DEBUG: version 1.00 20150126 //fRA(EE
0.528690] DDR DEBUG: Channel a: //DDRE B TE4H(E B
0.528701] DDR DEBUG: DDR3 Device

0.528716] DDR DEBUG: Bus Width=32 Col=10 Bank=8 Row=15 CS=1 Total
Capability=1024MB

[
[
[
[

[ 0.528727] DDR DEBUG: Channel b:
[ 0.528736] DDR DEBUG: DDR3 Device
[ 0.528750] DDR DEBUG: Bus Width=32 Col=10 Bank=8 Row=15 CS=1 Total

Capability=1024MB
// A HALDDRITENME B, FTUAARE, &5 DDRIREN A Fi H 1
//DDR DEBUGHIFFEFTENLE IR, /e kerne l HDDRYIGH L TERK T

kernel 3.10 B2 W1 FFTEN, /& DDR ARAIAR B (1) %6 HAE B

[ 1.473637] ddrfreq: verion 1.2 20140526 //DDRAZHREH x4

[ 1.473653] ddrfreq: normal 396MHz video 1080p 240MHz video 4k 396MHz dualview
396MHz idle OMHz suspend 200MHz reboot 396MHz //DDRE/NIZHeXl N AR, J&MdtsFigH
U H SR 11

.473661] ddrfreq: auto-freg=1 //SMBEBEIIIEELEIE, 1RRIFH, 0FRRKH
.473667] ddrfreq: auto-freg-table[0] 240MHz  //fUsiAR Sl (5% 2 %
.473673] ddrfreq: auto-freg-table[l] 324MHz

.473678] ddrfreq: auto-freg-table[2] 396MHz

.473683] ddrfreq: auto-freg-table[3] 528MHz
JUNRAEIXBRATEN I R RGERAE T, 1R AT e 2 DDRAZHA [ et

I S S S

[
[
[
[
[
/

2. WA R AT 145 B¥) DDR bin & %Ak 58 2 1] F B loader

1. # DDR bin j{#E U-Boot L2/ rk\rkbin\bin\X} B H 5%
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2. BRI ) DDR bin (A

3. #3H7 1) DDR bin t544 A MR 1) 44 7

4. 9% U-Boot (M. {Rockchip-Developer-Guide-UBoot-nextdev.pdf) ) , &< 2E Xt B f loader 3¢
F

==5. #R¥% DDR bin $TEIE OEE, i\ loader B4 5 7 IEHi—
%74 DDR bin it H S UTR

ShR¥E Az Note
RK1808 rk\rkbin\bin\rk 1x\rk1808 ddr XXXMHz vX.XX.bin
RK3036 rk\rkbin\bin\rk30\rk3036 ddr3 XXXMHz vX.XX.bin 1

RK3126. RK3126B. . )
rk\rkbin\bin\rk31\rk3126_ddr3 300MHz vX.XX.bin

RK3126C

RK3128 rk\rkbin\bin\rk31\rk3128 ddr 300MHz vX.XX.bin

RK3288 rk\rkbin\bin\rk32\rk3288 ddr 400MHz_vX.XX.bin

RK322x rk\rkbin\bin\rk32\rk322x ddr 300MHz vX.XX.bin

RK3308 rk\rkbin\bin\rk33\rk3308 ddr XXXMHz uvartX mX vX.XX.bin
PX30 rk\rkbin\bin\rk33\px30_ddr 333MHz vX.XX.bin

RK3326 rk\rkbin\bin\rk33\rk3326 ddr 333MHz vX.XX.bin

RK3368 rk\rkbin\bin\rk33\rk3368 ddr 600MHz_vX.XX.bin

RK322xh rk\rkbin\bin\rk33\rk322xh_ddr 333MHz vX.XX.bin

RK3328 rk\rkbin\bin\rk33\rk3328 ddr 333MHz vX.XX.bin

RK3399 rk\rkbin\bin\rk33\rk3399 ddr XXXMHz vX.XX.bin 2

Note 1: E AR B rk\rkbin\ RKBOOT\RK3036 ECHOMINIALL.ini 8] RK3036MINIALL.ini 3
B E . H RK3036_ ECHOMINIALL.ini /& ECHO 7= fhfs FH i), Hodth = i #5048
RK3036MINIALL.ini. % TWANZ& ECHO F= i, iHECR ™ il A

Note 2:  E A& HBAMTZ B rk\rkbin\RKBOOT\RK3399MINIALL.ini St $5 2

Note 3: ATEIXANRAEFRIEF, B2 IHF M U-Boot H142 ¥ loader.

3. WA & EL U-Boot H ] DDR %

HarX P ohae R A RK322x 075, B85, 182 kernel-3.10 A% 1] arch/arm/boot/dts/rk322x.dtsi
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dram: dram {
compatible = "rockchip, rk322x-dram";
status = "okay";
dram freqg = <786000000>;
rockchip,dram timing = <&dram timing>;

}i

BB, dram_freq HiAT A T, X LA Hz, ST DABEE L.

U-Boot 2 EfFHTIZA™ dts, SRJFBEHOX A, ASHRN B .

4. TN enable/disable kernel H [¥] DDR Z5 35 I &%

SeHIANZE SRR kernel 1) DDR ZAB4ThRE, @ sCRE, w7 L@ 40 F 5 R enable 8% disable 22451 1)
Ao
o XFF kernel 4.4, FEEIRE] dts FERZAH dme 1755, H5 status UK disabled BRI LA disable kernel f]
DDR E45i3hfE. M IF), 2% okay, 4> enable DDR ZE4iThft .

Note: H T RIS, dme 7S F KW T dfi 754, @R dfi 35 40K disabled, 1252 dme F AT
Mo FrLAilT dfi 7 A A status PRIFER dme —E.

B4R, RK3399 EVB R[5 4 dme 5 £7E arch/arm64/boot/dts/rockchip/rk3399-evb.dtsi 7,

&dfi |
status = "okay";
i
&dme  {
status = "okay"; /* enable kernel DDRZAZHN */
}i
&dfi |
status = "disabled";
i
s&dme  {
status = "disabled"; /* disable kernel DDRAZHH */

o XFF kernel 3.10, TFEFRF dts FEA R clk_ddr_dvfs_table 7555, K status UM disabled &t AI LA
disable kernel f¥] DDR &4 Zfg . AH M, 250K okay, A<y enable DDR ZZHiThfE. 2440 T,
RK3288 SDK # 152 clk_ddr_dvfs_table 7E arch/arm/boot/dts/rk3288-tb_8846.dts 1,

&clk ddr dvfs table {

status="okay"; /* enable kernel DDRAGAN * /
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&clk ddr dvfs table {

status="disabled"; /* disable kernel DDRZZHI */
i

o XIF kernel 3.0, TFELEMN borad-**.c SCAFHIELL dvfs ddr table, kxR, HE—A
DDR_FREQ NORMAL #ji%, #tA4xiza1T DDR 4841 1. 241U F, RK3066 SDK HR [FIHR 2 SCf+1E
arch/arm/mach-rk30/board-rk30-sdk.c

/* XFEMFHMenable DDRAH */

static struct cpufreq frequency table dvfs ddr table[] = {
{.frequency = 200 * 1000 + DDR FREQ SUSPEND, .index = 1050 * 1000},
{.frequency = 300 * 1000 + DDR_FREQ VIDEO, .index = 1050 * 1000},
{.frequency = 400 * 1000 + DDR_FREQ NORMAL, .index = 1125 * 1000},
{.frequency = CPUFREQ TABLE END},

/* IXPERF A disable DDRASHH */

static struct cpufreq frequency table dvfs ddr table[] = {
//{.frequency = 200 * 1000 + DDR_FREQ SUSPEND, .index = 1050 * 1000},
//{.frequency = 300 * 1000 + DDR FREQ VIDEO, .index = 1050 * 1000},
{.frequency = 400 * 1000 + DDR_FREQ NORMAL, .index = 1125 * 1000},
{.frequency = CPUFREQ TABLE END},

5. Wik kernel —¢X DDR Z 5 i 1T

L ANBR RS H R T R Bk AR AT B, B DDR A E T RGBT AR, (HA— ) plsh e
AN FE s, BDJFHLIOEE —IK ddr_init B, 23847840, FF %% DDR timing, ibMEGESE
o WRARLL kernel H'— 1K DDR ZBA#AIZIT, AFE ddr_inite B T _E— AR VE“ 4117 enable/disable
kernel H1[#) DDR B4 ge B LAAh . 6 75 ZAE RS

o X7 kernel 4.4
W% E— MR PF) U1 enable/disable kernel H1f) DDR ZZ#i T RE fif, #i—1X DDR ZM#A 2=
BT T
o XJT kernel 3.10
s RK322x
RIS E: kernel TGS
B2 4 dram 57 SR disabled, BEATEL T

dram: dram {
compatible = "rockchip, rk322x-dram";
status = "disabled"; /* BHUXE x/
dram freq = <786000000>;

rockchip,dram timing = <&dram timing>;

T RK3188
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RIBALE : arch/arm/mach-rockchip/ddr rk30.c ff ddr_init()p&i %1
B RK3288

ARSI E : arch/arm/mach-rockchip/ddr rk32.c Y ddr_init() & %X
A RK3126B. RK3126C Al trust.img [E 4+

RAGHLE : arch/arm/mach-rockchip/ddr rk3126b.c [¥] ddr_init()B& %1
B A RK3126. RK3128

RSN E : . /arch/arm/mach-rockchip/ddr 1k3126.c [f] ddr_init()ER %k
B VERE ddr initOBRECR, R ST

if (freq != 0)
value = clk set rate(clk, 1000*1000*freq);
else

value = clk set rate(clk, clk get rate(clk));

G RV1108
RIS E : arch/arm/mach-rockchip/ddr rv1108.c [f) ddr_init()E&i %L
Bl VERER ddr_initOREh, W R LTS

if (freqg == 0)
_ddr change freqg(ddr freq current);
else

_ddr change freq(freq);

BT IR UM RIS . BRI A, BLA 3126B/3126¢ #F trust.img [ 4F), W78 E— MR
PEAI“Un T enable/disable kernel H1f DDR A8 ThfE %, #t— X DDR A LIZAT T -

e XF kernel 3.0

ruyas RAS AL B
RK3066 arch/arm/mach-rk30/ddr.c [ ddr_init()ER%{
RK3026. RK3028A arch/arm/mach-rk2928/ddr.c ] ddr_init() &%k

BN FERE ddr initOBRECR, 10 R LTS

if (freqg !'= 0)
value=ddr change freq(freq);
else

value=ddr change freqg(clk get rate(clk get (NULL, "ddr"))/1000000) ;

6. A &FE DDR KA =

R R RS DDR 2 K& E, iR N4, &%F MemTotal &8, XANEE2 L DDR L
PR/ h— s, HOofE ERBbMERER LT .
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root@rk3399:/ # cat /proc/meminfo
MemTotal: 3969804 kB

WARFEE DDR FENVEMEE, ST PR

1E 2 /M5 H DDR F & EL, loader H ) DDR #IUHALHY EX A kernel # DDR BIHI4A4LET BX . kernel 4.4
FR4s A DDR &5 B IIFTED, kernel 3.10 A4x4 . loader 1) DDR #4U{E R, A& H#H .
loader Ff*) DDR K &FTE1, WA S DA GEINE], WHRLEH adb, ZIABXER G S M.

BARAEH T -

vy loader kernel 3.0/3.10
RK3026 AIEHE R AIEHE R
RK3028A FERESAIVEDS) FERESAIVEDS)
RK3036 HIEAE R wH
RK3066 BHIEAE R BHIEAER
RK3126B. RK3126C 7 trust.img [&1}: HiEgs B BH
RK3126B. RK3126C /N trust.img &4 BIEAER HIEAER
RK3126 HIEAE R AIEGHE R
RK3128 EERESAIVEDS) EERESAIVEDS)
RK3188 HIEAE R HIEAE R
RK3288 BIEAER BIHEAER
RK322x Hiegs B BH
RK322xh HIE4E LR BH
RK3328 HIEAE R sl
RK3368 EEREIEPS) BH
RK3399 HIEAE R BH
RV1108 FERESIIVED S\ BH

DDR I1£4H(E S, 2t &4A: DDR KA, DDR Ji%, i#iE (5 £ (Channel a\Channel b). = ZREH 17 5
(bus width/BW). 175 (row). %% & (col/column). bank ¥ & (bank/BK). Frik¥&E(CS). HLHERL 1%L
#5457 % (Die Bus width/Die BW). H./M@iE ¥ DDR %5 & (size/Total Capability).

WIRF BB AR, OH A1 DDRIEEN, BHLARMRET size/Total Capability. SHSHA 2 4
WIER, BHAEST 2 MEIER size/Total Capability AH11.

1R A& loader FH#TENfY) DDR & & HEAIE R



DDR Version 1.05 20170712

In

Channel a: DDR3 400MHz

Bus Width=32 Col=10 Bank=8 Row=15 CS=1 Die Bus-Width=16 Size=1024MB
Channel b: DDR3 400MHz

Bus Width=32 Col=10 Bank=8 Row=15 CS=1 Die Bus-Width=16 Size=1024MB
Memory OK

Memory OK

ouT

U1°F 2 kernel 1T EI¥) DDR & (5 B

0.528564]1 DDR DEBUG: version 1.00 20150126

0.528690] DDR DEBUG: Channel a:

0.528701] DDR DEBUG: DDR3 Device

0.528716] DDR DEBUG: Bus Width=32 Col=10 Bank=8 Row=15 CS=1 Total
Capability=1024MB

[ 0.528727] DDR DEBUG: Channel b:

[ 0.528736] DDR DEBUG: DDR3 Device

[ 0.528750] DDR DEBUG: Bus Width=32 Col=10 Bank=8 Row=15 CS=1 Total
Capability=1024MB

[ 0.528762] DDR DEBUG: addr=0xd40000

[
[
[
[

7. W &2 DDR # 2

kernel FI{(ZE DDR SEHI, H 2 FilFd, —FEIH52M, —M2h. HFiX 2 FhASI55EHE, kernel
4.4 F1 kernel 3.10 fs2HAH LA E

kernel 4.4:

YA de: AR E S, WM R T REOC T, U DDR SE AR 2% R SYS STATUS_XXX
SE AR . W B SR AR AT REFF A (1), U SYS STATUS XXX & X IAIHRAE N AR, FiRHE
SZBR DDR FH ZARGL4E A upthresholds downdifferential 72 XCORFEAMB AN, (H 2 AR IGAAN KT
SYS STATUS XXX 7& X HIAHZ .

TSI : P s i iR BRI (B SRIESEAMET SYS_STATUS XXX 35t X4
o ME—REBIZ SYS_STATUS_NORMAL, 1R AEAMIIEEIFE, SYS_STATUS_NORMAL 58 2
AR e, RIS B auto-min-freq $R5E, 1M AFE SYS STATUS NORMAL #5E .

kernel 3.10:

WA HifE: HEANTEE S, DDR SR RN N SYS STATUS XXX & L HIMiZ, RNEA, HIffil
I B ARSI e 2 AT R, A SARYE 1 HOoR A

TR ARG A ISR #i i SYS STATUS NORMAL 5. Bl A 1E SYS STATUS NORMAL 5
N, DDR SR A R4 0 H A R AR A,

TS DDR #iR, RS0 R AL HE
o XFTF kernel 4.4, TEIEF| dts  dme T . ZFIWTF, RK3399 EVB R dme ¥ S 1E

arch/armé64/boot/dts/rockchip/rk3399-evb.dtsi 1 arch/arm64/boot/dts/rockchip/rk3399.dtsi,

&dme  {

status = "okay";
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center-supply = <&vdd center>;
upthreshold = <40>;
downdifferential = <20>;

system-status-freq = <

/*system status freq(KHz) */
SYS STATUS NORMAL 800000
SYS_STATUS REBOOT 528000
SYS STATUS SUSPEND 200000
SYS_STATUS VIDEO 1080P 200000
SYS_STATUS VIDEO 4K 600000

SYS STATUS VIDEO 4K 10B 800000
SYS STATUS PERFORMANCE 800000

SYS_ STATUS BOOST 400000
SYS_STATUS DUALVIEW 600000
SYS STATUS ISP 600000

>7

/* BATER A, KA Hnin_ bw. max bwHiRvop KA K, EfEmin_ bw. max_bw
JGEE N, U DDRANZR 75 F 4 i freqfd A%, auto-freg-en=1HH */

vop-bw-dmc-freq = <

/* min _bw(MB/s) max_bw(MB/s) freq(KHz) */

0 577 200000
578 1701 300000
1702 99999 400000

>
auto-min-freq = <200000>;

dmc: dmc {
compatible = "rockchip,rk3399-dmc";
devfreg-events = <&dfi>;
interrupts = <GIC SPI 1 IRQ TYPE LEVEL HIGH 0>;
clocks = <&cru SCLK DDRCLK>;
clock-names = "dmc clk";
ddr_timing = <&ddr_ timing>;
/* DDRFIMZHid40%, HIEFAM; auto-fregq-en=1F7FHIL */
upthreshold = <40>;
/* DDRAFRILT20%, HUHEN; auto-freq-en=104H */
downdifferential = <20>;

system-status-freqg = <

/*system status freq(KHz) */

/* Rfauto-freq-en=0MH . KRk T FAIZFLSN, HHXNMZH </

SYS STATUS NORMAL 800000

/* rebootHIHJDDRIIZE . Hauto-freqg-en=10, PAHARIE minfl, RIEAFRGAE LT
*/

SYS STATUS REBOOT 528000

/* —HAFHLE DDRIIE . Yauto-freq-en=18F, £PLWIIRE Aminfd, RIEHEREE LT
*/

SYS STATUS SUSPEND 200000

/* 1080PHSFT (FIDDRAAZF . Mauto-freg-en=11, 2PUIRRNE minfl, R FBIRGE T
A x/

SYS STATUS VIDEO 1080P 300000

/* ARFLSIRT I DDRAIZE . Mauto-freq-en=10), 2 PAHAIRIE Aminfd, HRHEFECARIE BT
=/

SYS_STATUS VIDEO 4K 600000

/* 4K 10bitALSAN DDRIIE . Hauto-freg-en=10, 2 PIIRME Aninfl, HWHEGEMRNE L
TR */

SYS_STATUS VIDEO 4K 10B 800000



/* PERERIZUR UDDRATIE . Hauto-freq-en=10f, 2 UAREIE Aminfl, RAEAERG A LT
*/

SYS_STATUS PERFORMANCE 800000

/* bR FIDDRAR, T AR Lok, BB MRER . Hauto-freg-en=1HF, & PAHIIAR/E
Aminfe, AR OHCRUE ETHI */

SYS_ STATUS BOOST 400000

/* XUFFRRIFIDDRIIZE . Hauto-freq-en=1HF, <PASLSIERME AminfE, MR SECRGAE LT

=Y
SYS STATUS DUALVIEW 600000
/* ISPHHIDDRIIEK . Hauto-freq-en=10F, SPAIRME Amintd, WRIEABARNAE LT~/
SYS_STATUS_ISP 600000
>7

/* auto-freg-en=1NH, FRnormalfFHIRKHIE */

auto-min-freq = <400000>;

/* ETL, RoRIFEAEATIRE: T 0, RANKM MBS, TR fEESTIR ),
SYS_STATUS_NORMALIfHUH 576 S B B i %, Hom i Plauto-min-freq e, AL
SYS STATUS NORMALJE X [HA#E. T HAE f#EARG, HAbsoe M e s s, KR
DDRAF 5% A I R0, R HEupthreshold. downdifferential l#R . FE{RDDRIIHR +/

auto-freg-en = <1>;

status = "disabled";

}i

=={¥E==: kernel 4.4 FIHIZH KR kernel 3.10 AN[F], HAMIZELET dme_opp_table T 5] opp-hz 1), A4
IR IEAT; /NT opp-hz, FiFeszm) BHL WURAE I XA RAE 8K opp-hz, R 2x%%# K opp-hz
TAE. Frbh, A ARZE Y m R, Biwi PR 2 &K opp-hz, dmc_opp_table /2 75 B IRVEM .

dmc opp table: opp-table3 ({
opp-200000000 {
/* ADDRIIFSE T 200MHz I, FEAXANHE; N T 200MHz, BZ200MHZIBIT */
opp-hz = /bits/ 64 <200000000>;
opp-microvolt = <825000>; //vdd_centerHlJE

opp-800000000 {
opp-hz = /bits/ 64 <800000000>;
opp-microvolt = <900000>;

}i

WA T ENCERNE U, RIEHEERNmE, RESOS R EARE S AL T . 412k auto-freq-
en=1, BUAGFZEHIER, XRHRFESRZ N T EHEA HE, 7T LHE auto-freq-en BN 0, RGBT
B35 SRERIE 2 H 1

o X}F kernel 3.10, 75 4R F dts F11] clk_ddr dvfs_table 75 . 25051401 F, RK3288 SDK R [ 2 (1]
clk_ddr_dvfs_table 7E arch/arm/boot/dts/rk3288-tb_8846.dts H7,

&clk ddr dvfs table {
/* DDRIENI M logicHE, W freg-tableilbd-freg-tableH fAI% Lhix B ) KA R
K, BTGB R AL E, BTV e B0 BT . XN 75 AR X B IR B R A +/
operating-points = <
/* KHz uv */
200000 1050000
300000 1050000
400000 1100000
533000 1150000
>3



freg-table = <
/*status freq(KHz) */
/* Rfauto-freq-en=0BH . KRk T FHITsLAM, ARG
SYS_STATUS NORMAL 400000
/% —RFEHLES FJDDRATE */
SYS_STATUS SUSPEND 200000
/* 1080PHLANIHS FIDDRATIR */
SYS_STATUS VIDEO 1080P 240000
/* AKALSIR [RIDDRAFE  */
SYS_STATUS VIDEO 4K 400000
/* AKMLA60 Fpshf FIDDRAIZR */
SYS_STATUS VIDEO 4K 60FPS 400000
/* VEREBIHS I DDRAIZE */
SYS_ STATUS PERFORMANCE 528000
/% XBE BN FJDDRAZE */
SYS_STATUS DUALVIEW 400000
/* BRI DDRAA, AT MRS Lok, SCEABEmEL */

SYS STATUS BOOST 324000
/* ISP HIDDRAIER =/

SYS STATUS ISP 400000
>p

bd-freg-table = <
/* bandwidth freq */

5000 800000
3500 456000
2600 396000
2000 324000

>
/* SURASIIT R R, 24T syYs STATUS NORMALIZ SN, #5148 DDRAM 58 R, FEXDEMK
LA 2 A */
auto-freg-table = <
240000
324000
396000
528000
>;
/* AET 1, FORTTR AR 5T 0, FRRMNBAMTIRE. TTR ARG,
SYS_STATUS_ NORMALIZHUH 58 24 f sl S A e &% +/
auto-freg=<1>;
/*
* 0: use standard flow
* 1: vop dclk never divided
* 2: vop dclk always divided
*/
vop-dclk-mode = <0>;
status="okay";
}i

AT RANEERNE U, RIEHEEEmS, RESOS R EARE S ST LT . 402 auto-
freq=1, WUAFFHR, IXIEFEATUIRE Dy T EHGERL AL, 7T LA auto-freq BEE N 0, R 1EH%
Iy sE SCRPRFRAERIE EIH [

IR PEHR, RIS, RAAIER TR TR, S fTi£% DDR X
AT B 51



o XFT kernel 3.0, FFEAERIM) borad-**.c LAFHEE dvfs_ddr_table. 28541 F, RK3066 SDK #ff]
W SCAEAE arch/arm/mach-rk30/board-rk30-sdk.c

static struct cpufreq frequency table dvfs ddr table[] = {
/* —BEFHUN [FIDDRATIZE */
{.frequency = 200 * 1000 + DDR_FREQ SUSPEND, .index = 1050 * 1000},
/% FEIALSIS [ DDRAIAR  */
{.frequency = 300 * 1000 + DDR_FREQ VIDEO, .index = 1050 * 1000},
/* BT ERoA g, HADIRER DDRAA */
{.frequency = 400 * 1000 + DDR_FREQ NORMAL, .index = 1125 * 1000},
{.frequency = CPUFREQ TABLE END},

}i

kernel 3.0 R 3 M7, FTEAEMH DDR SR LE frequency ff 200 * 1000 iX L, HR 47 & KHz, “+
DDR FREQ SUSPEND”iX & a] AAS 4 .

==VEE: BER, —EEEENNAEE, RREEIEW TE. =frEdois, W anfrEk DDR 5
AN L) R AT

8. W fAT fZ 25 DDR AN 3 3 5 B2 Y L s

IR TERL I, AR R B e R, TR TR U5 3K

kernel 4.4: % ZL4m 1% kernel B, $TFF pm_tests 1% (make ARCH=arm64 menuconfig ->Device Drivers ->
SOC (System On Chip) specific Drivers -> Rockchip pm_test support )

kernel 3.10: 75 E:41¥ kernel I, #TJF pm_tests 2% 1i(make menuconfig ->System Type -> /sys/pm_tests/
support ). % DDR HLE A4 A2 :

RK3399: echo set vdd center 900000 > /sys/pm tests/clk volt

HAth: echo set vdd logic 1200000 > /sys/pm_tests/clk_volt

THREE pm_tests BUE M7 TOIEE R EK, BUTE B kernel [ 4F, & T TE

o X T kernel 4.4, FEIKF dts H dme_opp_table T . 24441 N, RK3399 EVB B [I7E
arch/arm64/boot/dts/rockchip/rk3399-opp.dtsi. RK3368 7E arch/arm64/boot/dts/rockchip/rk3368.dtsi, LA
RK3399

/* REIFEE T dme_opp tableP)T‘/lJopp hzlf, A &i% 'W%Eﬁ: /NFopp-hz, AFELH EEG i
TR IL XA R HI I Kopp-hz, K&t Kopp-hz LIE; XZ&kernel 3.10ANFMIHTT */
dmc_opp table: opp-table3 {

compatible = "operating-points-v2";

opp-200000000 {
/* ADDRIFSE T 200MHz I, FEFRXANAE; /N T 200MHz, HiZ200MHZIB(T */
opp-hz = /bits/ 64 <200000000>;
opp-microvolt = <825000>; //vdd_centerH [k
}i
opp-300000000 {
opp-hz = /bits/ 64 <300000000>;
opp-microvolt = <850000>;
bi
opp-400000000 {
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opp-hz = /bits/ 64 <400000000>;
opp-microvolt = <850000>;

}i

opp-528000000 {
opp-hz = /bits/ 64 <528000000>;
opp-microvolt = <900000>;

}i

opp-600000000 {
opp-hz = /bits/ 64 <600000000>;
opp-microvolt = <900000>;

}i

opp-800000000 {
opp-hz = /bits/ 64 <800000000>;
opp-microvolt = <900000>;

¥
RK3368 i

/* RAWZESETdnc opp tableffiflopp-hz1], A& IZMAEIZIT; /M Topp-hz, MEER FHG if
PRI XA R HI i Kopp-hz, R&tii Kopp-hz LIE; XZfRkernel 3.10 AR */
dmc opp table: opp table2 ({

compatible = "operating-points-v2";

opp-192000000 {

/* ZGDDRAFELET 200MHz I, MHXAHE; /NT200MHz, HiiZ200MHZIEAT */
opp-hz = /bits/ 64 <192000000>;
opp-microvolt = <1100000>; //vdd logicHiJk

}i

opp-300000000 {
opp-hz = /bits/ 64 <300000000>;
opp-microvolt = <1100000>;

}i

opp-396000000 {
opp-hz = /bits/ 64 <396000000>;
opp-microvolt = <1100000>;

bi

opp-528000000 {
opp-hz = /bits/ 64 <528000000>;
opp-microvolt = <1100000>;

}i

opp-600000000 {
opp-hz = /bits/ 64 <600000000>;
opp-microvolt = <1100000>;

}i

}i

FJ DAE BSOS AT X R L s o PRI B R T K /N A8 TR E MR, s AR s . SR
B OMAGE T X TRRAR W B R, AEAFIRANBIXT B, 2 330 DDR oA DI BZH G R . X
6, BTG EEHE N — TUZ AR X L FL R R

o X} kernel 3.10, R F dts 1) clk_ddr dvfs table 75 fi. 254511 F, RK3288 SDK AR I 2%
clk_ddr_dvfs_table 7E arch/arm/boot/dts/rk3288-tb_8846.dts H,

&clk ddr dvfs table {
/* BRHBERZEIXA */



operating-points = <
/* KHz uv */
/* FZ/NDDRIIZE/NT2ETF200MHz, logicffiH1050mv, HAhATLLILKHE */
200000 1050000
300000 1050000
400000 1100000
533000 1150000

status="okay";
bi

FJ DUME BSOS AR X R LTS o RO AR B S R T2 /N TS5 THRE MR, s AR . 58
BRI TR KR I i R, (AR AR N AL, 2 S B DDR TiE VI B2 G R . X
1, ol 75 I TN — T2 A0S L ) TR R

o XFT kernel 3.0, FFEAEMRIM) borad-**.c LAFHEE dvfs_ddr_table. 28541 ~, RK3066 SDK # ]
W SCAEALE arch/arm/mach-rk30/board-rk30-sdk.c H

static struct cpufreq frequency table dvfs ddr table[] = {
{.frequency = 200 * 1000 + DDR FREQ SUSPEND, .index = 1050 * 1000},
{.frequency = 300 * 1000 + DDR _ FREQ VIDEO, .index = 1050 * 1000},
{.frequency = 400 * 1000 + DDR_FREQ NORMAL, .index = 1125 * 1000},
{.frequency = CPUFREQ TABLE END},

}i

dvfs_ddr_table 4% ff).index U e X M (KL, B2 uVe

9. anfa] < il DDR BB MIhEE, R E 7T

o XIT kernel 4.4, FEIF dts H' dme 17 £ auto-freq-en. 24141, RK3399 EVB i [ 7E
arch/arm64/boot/dts/rockchip/rk3399.dtsi

dmc: dmc {
compatible = "rockchip, rk3399-dmc";
auto-min-freqg = <400000>;
/* XANEA0, HOCHIDDRIECARINTIRE, R~/
auto-freg-en = <0>;

o X}F kernel 3.10, FHZEFLF| dts 1 clk_ddr dvfs_table 7 /. 25451%1F, RK3288 SDK i [ i 2 1)
clk_ddr dvfs_table 7E arch/arm/boot/dts/rk3288-tb_8846.dts H,
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&clk ddr dvfs table {

/* XANKA0, BOCHIDDRIEARITIRE, R~/
auto-freg=<0>;
status="okay";

}i

o XIT kernel 3.0, A BB ASIFF AL

10. DDR 2117 5 #3

WIS RN T e R, ARy Ak, LSRR R
kernel 4.4:

BRHUE 1 S5 K] DDR A«

cat /sys/class/devfreqg/dmc/available frequencies
PakiES

echo userspace > /sys/class/devfreq/dmc/governor
echo 300000000 > /sys/class/devfreq/dmc/min_ freq //XZ&2RNIEE R B R T min_freq,
FHORE KW

echo 300000000 > /sys/class/devfreqg/dmc/userspace/set freq
kernel 3.10:

7 B 4n i kernel B, #7FF pm_tests 1% (make menuconfig ->System Type -> /sys/pm_tests/ support )o DDR
AR A 2

a3

echo set clk ddr 300000000 > /sys/pm tests/clk rate
KRR AT Hz, HAREE R Z A A 85 T DURYE 5K 2l & I S 2
R B TEATAT, R AU EL dis 1

N

o XFT kernel 4.4, IR FEARTTIEAMT, — AR F NIRRT Z MK HFRFE, 1E cat

/sys/class/devfreq/dmc/availableifrequenciesEE#ZZ<§'Jo

NIRRT, $RBIRS dts SCPF, 7F dme_opp_table AR T ERIINER . 2$F100°F,
RK3399 EVB # fI7E arch/arm64/boot/dts/rockchip/rk3399-opp.dtsi, 1B /K 75 B 18 N fr) /& 666MHz

dmc_opp table: opp-table3 {

compatible = "operating-points-v2";

opp-200000000 {
opp-hz = /bits/ 64 <200000000>;
opp-microvolt = <825000>;

opp-666000000 {
/* MDDRINEZETF 666MHzI, ffHXAHE */
opp-hz = /bits/ 64 <666000000>;
opp-microvolt = <900000>; //vdd_centerH [k
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opp-800000000 {
opp-hz = /bits/ 64 <800000000>;
opp-microvolt = <900000>;

}i

}i

dts ANIN5EJE, WA LRTHTT B &, BEATRE MR 1.

R AAEE I TN Ay & R E A, TR A BIPYUE — BB T e — M EEME, WTeMRa T —
FEABEL dts. BBAR T BIFHLE [ 52 (455 2 666MHz, %4541 F, RK3399 EVB R [1) dme i fi/E
arch/arm64/boot/dts/rockchip/rk3399-evb.dtsi

/* dfilhdiNokay, TR, dnci MAKBITAfi A WHRALIT R ANdisabled, tha'T
Hdme T MR FTARIFAEi T s statusREF R dme—2 */

&dfi |
status = "okay":
}i
&dmec  {
status = "okay";

system-status-freq = <

/*system status freq(KHz) */
SYS_STATUS NORMAL 666000

/* EREATE RS~/

/*

SYS_STATUS REBOOT 528000
SYS_STATUS_ SUSPEND 200000
SYS_STATUS VIDEO 1080P 200000
SYS_STATUS VIDEO 4K 600000

SYS STATUS VIDEO 4K 10B 800000
SYS STATUS PERFORMANCE 800000

SYS_STATUS_ BOOST 400000
SYS STATUS DUALVIEW 600000
SYS STATUS_ ISP 600000
*/

auto-min-freq = <666000>;

/* auto-freg-enE N0, HMEIIEEZH ~/
auto-freg-en = <0>;

}i

% T kernel 3.10, 754 F dts 11 clk_ddr dvfs_table 7 fi. 2591401 F, RK3288 SDK A [ £ 1)
clk_ddr_dvfs_table 7E arch/arm/boot/dts/rk3288-tb_8846.dts T,

&clk ddr dvfs table {
operating-points = <

/* KHz uv */

/* 3, WRFEEFRPE, BT RRMERIE,
200000 1050000

300000 1050000

400000 1100000

533000 1150000

>

/

S BRI ZSR I B ER



freg-table = <
/*status freq (KHz) */

/* 2, HAGH SR, N sys STATUS NORMAL, JFiUfhiE XOMART B & KR */

SYS STATUS NORMAL 400000

/*

SYS_STATUS_SUSPEND 200000
SYS_STATUS VIDEO_1080P 240000
SYS_STATUS VIDEO 4K 400000

SYS STATUS VIDEO 4K _60FPS 400000
SYS STATUS PERFORMANCE 528000

SYS STATUS DUALVIEW 400000

SYS STATUS BOOST 324000
SYS STATUS ISP 400000
*/
=0

bd-freg-table = <
/* bandwidth freq */

5000 800000
3500 456000
2600 396000
2000 324000

>
auto-freg-table = <
240000
324000
396000
528000
>
/* 1, TR, ERENO */
auto-freg=<0>;
/*
* 0: use standard flow
* 1: vop dclk never divided
* 2: vop dclk always divided
*/
vop-dclk-mode = <0>;
status="okay";
}i

HE LI 325, mtn] LASE Sl 5 S5 (1

1. SRS, ERERNO
2. R AR &, HE SYS STATUS NORMAL, F:4tth i SOMAR T ZE [ & s
3. U SR E A, B TR R R BRI, B T A 2 AR A R R

o X7 kernel 3.0, T EAEMIIN borad-**.c AFHE dvfs_ddr_table. 28441, RK3066 SDK I

MR SCAAE arch/arm/mach-rk30/board-rk30-sdk.c

static struct cpufreq frequency table dvfs ddr table[] = {
/* o x/
/* 1, REm AR 5, A B DDR FREQ NORMAL */
//{.frequency = 200 * 1000 + DDR_FREQ SUSPEND, .index = 1050 * 1000},
//{.frequency = 300 * 1000 + DDR FREQ VIDEO, .index = 1050 * 1000},
/* 2, #EDDR_FREQ NORMALJE S AR B MIMA, Xf B s A il R 7 ZE R */
{.frequency = 400 * 1000 + DDR_FREQ NORMAL, .index = 1125 * 1000},
{.frequency = CPUFREQ TABLE END},



HEL LT 2 08, T BASe sl ] 5 A 1 [ 1

1. R HAN 5, R DDR_FREQ NORMAL
2. # DDR_FREQ NORMAL & X SAR7s E A, 0L HELE A AT g 75 21

11. {7 2 F DDR ¥ % F H &

kernel 4.4 24t 7 —Aiy 4, FTLAR AT G %A DDR A SR FH 2, (HZ B VELHREut 1 20 215
E

iCho

rk3288:/sys/class/devfreq/dmc # cat load
11@396000000HZ

11 7~ DDR 24554 5 A H R 2 1%

12. an4ar 34X DDR 7] FE 4

TH A SO “DDR RO GG UE SRR 1

13. 405 '€ DDR BEIZAT M) & = S &

NS

L Jedin s M A A AL 3, I eT S I AL A /42 25 DDR 58 Al “n Al {2 2 DDR A5 00
A HL R

2. \NEISIEMEAR, 1217 google stressapptest, filf EFRAT, WLFERAIZ, FigiT. &I, WTAZiEiT—
Beip(a], bR, HNTF 2

google stressapptest 7E“DDR BRI AR YW (L b m] AR B, anf i, e BL, AR OSCRYTE

3. b= EE KBS Ve m RN E, X EHIZEIT ) memtester. J7iE—FE, REEIHAS, WURF
AR, BigiT. &R, "TRAEET—EBEE, R, Bl LB B mdineg s,

memtester 7 “DDR BRI UEFTAE Ui W1~ il LUK, dnfer i, tore B, AR OSORTE R

google stressapptest /& — /ML I RS, MbRETRERES . 1 memtester & — MR TREISFE, fHRETLL
B0, 2 EERENHME SRR, #8755 2 google stressapptest 157 i 1T -

4R, LAET5E, R T AR RIS, T RIER A R s R, SEPr DDR {5 52 SR R
bR, MAE T, HEETIAAEL.

I]

>§ﬁ
and>
[ayay
oA

14. B4 AW DDR 2 &3 N\ B hl#r (self-refresh & HL 1K
)

A DL I B CKE A5 5 SR AW, 10 ELAS 75 227 58 AR s st vl A o
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CKE RZ R
I8 HL P T T 7.8us) T BB
e AFIEE T/ERES

IR E) CKE & — 2 ) LN —2 )UK, Wi ERMRR IR, W —2)LBEAN 7 AR, —2 )L
B BRI, AT IR TARIRES.

VER: CKE MK —EZEKRKT 7.8us AHINBRIH, FA power-down IRAEW & CKE MK, {H
ISl ZNT 7.8us, ANEIRE

15. ‘B4 AW DDR EE£ # A\ auto power-down 44 IR =,

AT LB CKE {55 KA, M H AR 27 8 AR i s Bt T Bl

CKE R#& il R
B HE T (I ] /T 7.8us) AbF auto power-down IR
P AT IEH TARRES

auto power-down IRZ%, M ZE|K CKE MR, J& CKE fREHEH FHIT 7.8us (DDR3. DDR4) 5f
3.9us(LPDDR2. LPDDR3. LPDDR4) , #AJ5Hifm—/NEHf[a], PRt AN T 7.8us B 3.9us, Witk—
HAR,

& CKE MEHSPR ] —E /N T 7.8us (DDR3. DDR4) ¥ 3.9us(LPDDR2. LPDDR3. LPDDR4)
7% auto power-down, UIFE[E]KF 7.8us, e HRBH, NERE.

16. 1117 4% DQ. DQS. CA. CLK f de-skew

FEH T PCB 1 DDR EL ALK, A LLE % de-skew, 1AF25/L DDR £ L2 K 1R . de-
skew IhREHL /& DDR PHY WS BAEE S EI— MR n, W LUEN de-skew A7 2214 H %3
528 BRI AEIR BT MR MR R ME S R R RER .

16.1 J3%& kernel F [ de-skew

T % kernel ) de-skew, H Rt R RK322xh. RK3328 37 #F. & B M dts 34
& 7: RK322xh. RK3328

RIALE

arch/arm64/boot/dts/rk322xh-dram-default-timing.dtsi

arch/arm64/boot/dts/rk322xh-dram-2layer-timing.dtsi

USRS A B R IX 2 ANHE S AHTE L HE
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R4 K AT I “deskew H B T E FIHRALER, EF mid H, BEIXTR dts 2 X
“deskew H shF3H T FIF 1 %I8 (3228H deskew H #h334 L B8 H 5 #H .pdf) Refi

16.2 %% loader F ] de-skew

EIR % loader HH) de-skew, HHEFRHA RK3308 k.
O F: RK3308
s B SO

deskew HFAM T H, 3308 deskew.exe, RK3308 DDRXPXXXXXX Template VXX de-skew.txt,
k3308 ddr XXXMHz uvartX mX vX.XX.bin

TR R AT “deskew B TR HAHKIISE R, &4 midE, B&I

RK3308 DDRXPXXXXXX Template VXX de-skew.txt X 3E X H . #F 3308 deskew.exe ¥
RK3308 DDRXPXXXXXX Template VXX de-skew.txt & X [¥] de-skew 1524 %

1k3308_ddr XXXMHz_uartX_mX_ vX.XX.bin #1,

“deskew H shF3i LB FI G R (deskew H ah3AH# T B8 B .pdf) KA

17. RV1109/RV1126/RK356x DDRH % 1% $%

X TRV1109/RV1126/RK356xV- & loader AL4INEE,  LRAFAE HH N AZE ) training 25 K o kernel ' dmc T fiT
(R4 £ 75 B S loader (AR fARFF—F. RV1126/RV1109 loaderH ZRIA AT ZR 25 Hh =/~ 2£328M,
528M, 784M, i AR s fEddr bin B FRFAREL, Wirv1126_ddr 924MHz v1.05.bin, #¢Ja— /M
I 72924M. RK356x loader 1 BRI RI45AE s o =AM 2324M, 528M, 780M, i IR0 s —FE AEddr
binG AR FREL, 1rk3568 ddr 1560MHz_v1.04.bin, )i — /MR 5 & 1560M. 28 #Moader [RIA4 £
WA Clog® A, H HlogH A &4k change to: xxxMHz AR E B & 4% 55 B loader
fRIAFIZE 5t T 38 i rkbin H 3% Ftools/ddrbin_toolsKA& M, ELAfd F N v 2%

tools/ddrbin_tool user guide.txt.

BIUIRK3568, N E R T ELUH1332M, 7 B Erkbin T2 H 3¢ FKBRKBOOT/RK3568MINIALL .ini
1 f{JPath1 1 FlashData#g [f] it ddr bint 9 1332M, 3 H.dtsH ISR w5t 5 S R 240
324M,528M,780M,1332M. SEPRIZAT HIARR A R BE R IX 4N —A .

18. RK3568 ECC [¥] f% &

RK3568Z #FECCIhRE, HA 4 1bit, KI2bitE = #E

1. ffifECC: HZEDDR_ECC_DQO-74 ki, ECCZ: H sfenable.

2. DDR_ECC_DQO-7HIER: ECC&32bitf)DQE#E+7bit I ECC(#E . DDR_ECC_DQO-7H T 1£fifi
DQO-DQ311HEAF BIMECCHMHE . it LA 2 2 Wi — Rl H T A7 IECCHHE 1) ki .

3. Z K —FECCIURL B SR . PRI, Row/Col/Bank 75 5DQ0-31 I i I (1) ik — 5 .

4. SCHFFRVBURIR AL . BT WOk A5 SCRFECC .


af://n946
af://n954
af://n957




	DDR 开发指南
	如何看懂 DDR 打印信息
	如何将我们给的 DDR bin 合成成完整可用的 loader
	如何修改 U-Boot 中的 DDR 频率
	如何 enable/disable kernel 中的 DDR 变频功能
	如何让 kernel 一次 DDR 变频都不运行
	如何查看 DDR 的容量
	如何修改 DDR 频率
	如何修改 DDR 某个频率对应的电压
	如何关闭 DDR 的负载变频功能，只留场景变频
	DDR 如何定频
	如何查看 DDR 带宽利用率
	如何测试 DDR 可靠性
	如何确定 DDR 能运行的最高频率
	怎么判断 DDR 已经进入自刷新（self-refresh 省电模式）
	怎么判断 DDR 已经进入 auto power-down 省电模式
	如何调整 DQ、DQS、CA、CLK 的 de-skew
	调整 kernel 中的 de-skew
	调整 loader 中的 de-skew

	RV1109/RV1126/RK356x DDR频率选择
	RK3568 ECC的使能


